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Selective Breeding, Heritable
Characteristics and Genetic-Based

Technological Change in the
Canadian Beef Cattle Industry

William A. Kerr

The paper presents an examination of genetic-based technological change in the Canadian
beef cattle industry. A model of technological change is explicitly developed in characteristics
space. Production functions with genetic characteristics as arguments are estimated and two
forms of technological change identified. Shadow values for characteristics are then calculated
and actual genetic improvements are compared to the improvements suggested by the shadow
prices. It is concluded that market forces are sufficient to regulate the process of genetic-based
technological change in the Canadian beef cattle industry.

In agriculture a major component of
technological change is genetic improve-
ment. Economic analysis of technological
change has traditionally been carried out
in goods space. Economists have treated
new varieties of rice or wheat as new goods
which act as arguments in aggregate pro-
duction functions. Genetic research, how-
ever, is carried out in terms of character-
istics which are quantifiable and heritable.
The process of selecting the characteristics
to improve has been left to geneticists.

In the North American beef cattle in-
dustry, however, the responsibility for ge-
netic improvement lies primarily with the
individual stock breeder. As the potential
for genetic improvement in beef cattle is
large, some assurance that the market pro-
vides the incentives to initiate improve-
ments and that stockmen (most of whom
have no formal training in genetics) rec-
ognize the incentives is desirable. Using
the goods approach to production does not
provide the means of examining the prob-
lem of selecting the appropriate genetic
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characteristics for improvement. A "char-
acteristics" approach to production is sug-
gested.

Although the "characteristics" ap-
proach to consumption has received con-
siderable attention since Lancaster's "New
Approach," a parallel development has not
taken place in production theory. Archi-
bald and Rosenbluth present a tentative
first step toward the examination of pro-
duction theory in terms of characteristics.
They suggest that if production Y can be
defined over a vector of characteristics x
where x = (Xi . . ., Xi . . , Xj and Y =
F(x) three types of technological change
can be identified: (1) the development of
a new process which is a true shift in the
production function-e.g., F(x) to C(x); (2)
quantifiable additions to the vector of ex-
isting characteristics-e.g., X' > Xi for
some Xi ex; and (3) an addition to the set
of characteristics contained in x, e.g., x' =
(Xi . . . , Xi . . . , Xn, Xn+I). This paper sets
out a model of genetic-based technologi-
cal change in the beef cattle industry de-
fined in characteristics space and presents
evidence that technological change of type
1 and type 2 outlined above are occurring
simultaneously. The development of the
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model and the empirical investigations
suggest some of the advantages of using
the characteristics approach to examine
technological change.

Section II provides a brief review of
economic studies of genetic-based tech-
nological change within the more general
context of production theory. Section III
presents a formal statement of the model
and Section IV the empirical analysis and
results. Section V presents the conclusions
of the study.

Economics and Genetic-Based
Technological Change

Selective breeding is a major means of
improving the productivity of plant and
animal species. In the beef cattle industry,
using the traditional straightbred technol-
ogy, considerable progress was made in
developing an animal ideally suited to ex-
isting production methods and consumer
preferences. After the second world war,
however, improvements in genetic knowl-
edge led to the extension of the successful
crossbreeding technology, which had rev-
olutionized the plant industry, to poultry,
swine and beef cattle. At the same time
the tastes of consumers were changing so
that less fat was desired in beef cuts (War-
wick). Canadian grading systems were al-
tered to reflect these changes in prefer-
ences. In Europe the development of some
breeds had been concentrated on produc-
ing cattle with heavy muscling for draught
purposes. These animals were larger and
produced leaner carcasses than North
American breeds. Therefore, there ap-
peared to be in Europe a set of germ plasm
with the genetic diversity necessary for
effective crossbreeding and with devel-
oped characteristics which would comple-
ment the breeds evolving in North Amer-
ica.

Due to quarantine regulations, how-
ever, no cattle could be imported from
continental Europe. Lobbying by cattle-
men led to the opening of quarantine sta-

tions by the Canadian government in 1966.
Within ten years a large number of breeds
had been imported and the number of an-
imals registered annually for these new,
so-called, "exotic" breeds approached
those of the traditional breeds.

The possibility of genetic change exists
in the Canadian cattle industry. However,
the realization of genetic change depends
on the ability of the Canadian beef cattle
industry to improve the divergent genetic
strains and cross the purebred strains to
take advantage of hybrid vigor.

Econometric studies of genetic-based
technical change have generally followed
a production function approach. They de-
fine a production function (implicitly or
explicitly) and then add new varieties over
time as shift parameters in the form of
investment expenditures or dummy vari-
ables (Evenson and Kislev; Hertford et al.;
Nagy and Furtan). Such studies do not,
however, provide insights into the process
of genetic improvement itself. Although
the characteristics improved (drought re-
sistance, fertilizer response, etc.) are dis-
cussed, the actual process of determining
which characteristics researchers improve
upon is ignored.

Induced innovation theorists (Fellner;
Hayami and Ruttan) suggest that the key
may lie with changes in relative factor
prices which provide incentive to develop
new products which require less of the
now relatively expensive input. Such
models, however, may be too restrictive
in application. The theory assumes that
there must be ex ante equilibrium and
that a change in relative prices must be
observed. In our case of genetic change in
the beef cattle industry, the potential ex-
ists for continuing change (until all the
genetic variability is exhausted), whether
or not there are changes in the relative
factor prices. Further the theory of in-
duced innovation suggests only that new
goods will appear, but provides no infor-
mation on the composition of such goods
except that they will be less intensive rel-

15

Kerr



Western Journal of Agricultural Economics

ative to the new higher cost input. In our
case this would tell us that a new input
will appear and that it will be the input
with the highest additional value over the
feasible interval of improvement, but it
cannot provide any descriptive informa-
tion regarding the inherent qualities of the
new good. Clearly, this is the Lancastian
problem in production space. The prob-
lem is one of heterogeneous inputs to pro-
duction. As genetic improvement is spec-
ified in characteristics, traditional
production theory, based on the assump-
tion of homogeneous inputs to production,
does not provide the tools to analyze the
problems of genetic improvement. If the
process of technological change in the beef
cattle industry is to be evaluated, then fur-
ther incursions into the use of the char-
acteristics approach seems necessary.

Genetic progress in the animal industry
is, in reality, the provision of additional
quantities of existing inputs to production.
Livestock can, for example, be bred for
"disease resistance," "feed conversion,"
"egg laying ability," "backfat," etc. The
expected quantities of these characteris-
tics vary from breed to breed. In the cattle
industry (as well as other branches of the
livestock sector), there is no market for
specific genetic characteristics. The char-
acteristics are subsumed under one pur-
chasable commodity, a bull (or semen in
the case of artificial insemination). The
value of a bull in commercial production
is related to the genetic characteristics
which the animal carries. Improvements
to the genetic mix should be reflected in
the value of such breeding animals. Econ-
omists have paid scant attention to the
market for genetic factors of production.
Yet, it provides the key to an efficient pro-
cess of genetic progress.

In consumption theory there has been
considerable effort (Lancaster; Lipsey and
Rosenbluth; Griliches; Terleckjy) directed
to the so-called "characteristic approach."
These developments have not been par-
alleled in production economics. The pa-

per by Archibald and Rosenbluth repre-
sents a tentative step towards formal
theoretical analysis of production theory
in a characteristics framework. Two ele-
ments of their paper are relevant to this
study. First, "The characteristic approach
is well adapted to deal with the observed
heterogeneity of inputs." Second, they
suggest that the characteristic approach
could be helpful in analyzing the source
of technological change. In addition, Ar-
chibald and Rosenbluth suggest that:

"We do not suppose that producers com-
pute them formally, but it is natural to as-
sume that 'good management' has an ap-
propriate rule of thumb or intuitive
understanding of the shadow prices of im-
portant characteristics required to select the
cost minimizing mix."

In the case of exotic cattle, we seem to
have both heterogeneity of inputs based
on production characteristics and a pro-
cess of technological change which should
be responsive to the shadow prices of those
characteristics.

Only recently have economists turned
their attention to disaggregating the ge-
netic components of production. The pa-
per by Ladd provides the first attempt to
systematically incorporate animal ge-
netics into production theory using char-
acteristics. His approach defines the pro-
duction process of commercial operations
partially in terms of genetic characteris-
tics. Standard production theory optimi-
zation procedures are then used to deter-
mine the theoretical value of additional
units of characteristics. Such values could
help the commercial operator determine
what he should pay for breeding stock.
Thus prices for breeding stock should re-
flect the value of the genetic characteris-
tics internalized in the individual breed-
ing animal, which is the subject of this
inquiry.

Only a few empirical investigations
have, as yet, been conducted. They have
used the method of linear programming
to estimate the value of genetic inputs.

16
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Ladd and Gibson, for example, attempt to
derive the value of the genetic-based eco-
nomic traits in swine production-back-
fat, feed efficiency and average daily gain.
They use their model to discern "the
amount by which maximum profit may
be expected to increase for each unit of
improvement in that animal." Burkholder
provides similar information for ten
breeding characteristics for integrated
broiler operations.

In the beef industry similar studies have,
as yet, not been conducted. Further, there
has been no examination of the interac-
tion between those who use purebred cat-
tle and those who improve them.

The Model

The basic premise of this study is that
the mix of production characteristics pro-
duced by the suppliers of genetic mate-
rials (the purebred breeders) will be de-
termined by the production process used
by commercial cattlemen. The specific
hypothesis is that the prices paid for bulls
are a function of identifiable characteris-
tics, internalized by bulls, which are phe-
notypic (observable) proxies for the ge-
netic components of the production
function. Implicit values for these char-
acteristics may then be determined. A fur-
ther hypothesis is that the process of ge-
netic selection followed by purebred
breeders conforms to the market forces in-
dicated in the commercial cattle opera-
tions' selection of bulls.

Given their biological nature, processes
in primary agriculture can be portrayed
with a stylized production function of the
form

Y = F(X1, X2 .. ., X, G1, G2, . G) (1)

where Y stands for units of output, the X,'s
are non-genetic components of the pro-
duction function, and the G's are the un-
derlying genetic components.

For the purpose of our study of the cat-
tle industry, we shall assume that all ge-

netic components of the production func-
tion are subsumed under the bull. The
production enterprise will be defined in
terms of individual bulls. In other words,
the commercial cow-calf producer is as-
sumed to treat each set of cows which a
bull can serve as a separate enterprise in
terms of the decision to purchase a bull.
Therefore the production function can be
reduced to:

YB = FB (g, x) (2)

where

YB = the output/bull, pounds of calf/
bull/year.

g = the bull component of the pro-
duction function which is a vec-
tor of genetic-based characteris-
tics, i.e., g = (GI, G2, . . ., Gn)
internalized in one bull.

x = the vector of non-genetic inputs
associated with the production
expected from the number of
cows one bull is expected to ser-
vice.

The profit maximizing firm will be ex-
pected to utilize each non-genetic input
of production to the point where, assum-
ing perfect competition,

Wj = PY (OYB/aXj)

in equilibrium
where

(3)

Wj = the price of input j.
Xj = the quantity of input j.
Py = the price of output (the price of

calves).

Under the assumption of perfect com-
petition, the value of a bull will be deter-
mined by what it is expected to add to the
value of production:

Weg PYYB ; Wiij=
iil

(4)

where the Xj*'s are the solution values for
m

(3) and ~ WjXj* includes "normal" re-
j=1

turns to the rancher's labor and capital.
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Of course, a bull is used as the herd sire
for a number of years. Hence, the bull's
contribution to production would be ex-
pected to continue over its useful breed-
ing life, so that there would be a Wgt for
each year (t) the bull is used in produc-
tion. What one would be willing to pay
for a bull would therefore be

P = Wg + (+Wg2 + Wg3
PW + r) (1 + r)2+ (1+rT 5

WgT

(1 + r)
T
-

1

where the Wgt are the quasi-rents expect-
ed from the bull from (4), T is its expected
productive life and r is the purchaser's
perceived discount rate.

As bulls are heterogeneous, each bull's
price is determined individually. The
market for breeding stock is of the tradi-
tional auction form, with the price deter-
mined by competitive bidding. If the
commercial cattleman has an intuitive un-
derstanding of the production relation-
ship, then the price of a bull, PB, should
reflect its expected value in production
(Wilson; Vickrey).

The importance of the heterogeneity of
genetic inputs becomes more obvious
when the actual process of genetic im-
provement is examined. The breeder of
purebred cattle is the supplier of genetic
improvement to the commercial cow-calf
enterprise. Once established, the purebred
breeder is relatively constrained in the
amount of genetic improvement which he
can expect to produce. The expected phe-
notypic change in any characteristic for
one generation is described by Lasley as

- HGAG,, = (G,s - Gi) (6)2

where

AGii = the expected increment in the
characteristic Gi over a gener-
ation interval.

Gis = the measurable quantity of
characteristic Gi of the sire se-
lected for breeding.

Gis = the mean quantity of charac-
teristic Gi of the selected sire's
male contemporaries within a
herd.

HGi = the heritability of characteristic

Gi (%).
I = the generation interval which is

defined as the average age of
the parents when their first off-
spring are born. Thus, AG, is
the rate of improvement in the
next generation of sires which
the breeder can expect to real-
ize, on average, for any one
characteristic.

The problem of the purebred breeder,
thus becomes, in any time period, to
choose the Gi which will maximize the
value of the bulls he will sell in the next
generation. As the costs of raising and
maintaining bulls with various mixes of
characteristics are not significantly differ-
ent, the decision should depend on the ab-
solute level of the Gi's, the AGi's and the
implicit values of the characteristics. The
Gi's and the expected AGi's should be
known by the purebred breeder. Al-
though diminishing returns may eventu-
ally be reached for some characteristic, as
the physiological limits to genetic im-
provement are approached, no such limit
has yet been reached for the characteris-
tics in beef cattle. The AGi,'s can therefore
be assumed constant in succeeding I's. The
value to the purebred breeder of addition-
al units of characteristics should be re-
flected in the prices received for bulls sold
to commercial cow-calf enterprises. If the
commercial cattleman is to make the
breeding decision which will maximize his
profits, he must have an appropriate rule-
of-thumb, or an intuitive understanding
of the shadow prices of important char-
acteristics, and thus, through the market,
establish their value to the purebred
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breeder. Then it should be possible to de-
termine whether purebred breeders are
following the market forces indicated,
given that information on Gi's and AGiI's
is generally available.

Of course, the actual genetic compo-
nents of the production function are not
readily observable. Instead, the purebred
breeder and the cow-calf operator must
rely on phenotypic (observable) traits, or
characteristics which are known to cor-
relate with genetic improvement. Data for
individual animals are usually collected on
two phenotypic characteristics:

1) the weaning weight, G,, and
2) the average daily gain on feed post

weaning, G2.

In addition, statistics are collected by herd
on the incidence of calving difficulty (dys-
tocia) and breed-by-breed indexes of calv-
ing difficulty, G3, are published and well-
known. These characteristics represent
surrogates for the major contribution of a
bull to the process of herd production-
the rate of growth while suckling, the rate
of growth and conversion of feed post
weaning, and the number of calves ex-
pected per bull. It is well-known (Lasley;
Woodland) that,

OYB/aOG > 0
aYB/aG2 > 0
aYB/OG3 < 0

Profit (II) for the production enterprise is
defined as'

m

n = PYYB - S wx. (7)
j=l

If we assume that equation (2) is homo-
geneous of degree one2 and that g = (G,,
G2, G3) are the genetic-based inputs sug-
gested above, it follows that:

'I am indebted to an anonymous reviewer for this
shortened derivation. For an alternative and more
cumbersome derivation see (Kerr, 1981).

2 This is a simplifying assumption to make the anal-

Y = X
Y B + d

B = Z Xj + j Gij=l 49x 1 i= Gi
(8)

Using this and equation (3) it follows that

3 aYB

PyYY = 2; WiXi + ± Gi- Py.
j=l i=l aGi

(9)

If we define Xj*'s as the solution values
this becomes

m 3 YB

PYYB* = Z WjX* + i Gi PY
j=l i=l Gi

(10)

substituting into equation (7) we have

m
II* = PYYB* - Z WjXj*

i=l
(11)

where YB* = FB(g,x*) and II* is maxi-
mized profit. Thus II* is equivalent at the
maximum to Wg in equation (4). Hence,
from (10) and (11) we have

OYw
WG = Z G-i yP

i=1 dGi

It follows from equation (5) that

3 dY t
PB= C G,- Pt *

i=l aM i i=l

(12)

(13)

where Pyt* is the discounted expected val-
ue of Py in time t.

If (13) can be estimated, then the OPB/
dGi's can be derived for each genetic-based
characteristic. aPB/G, represents the mar-
ginal product in money terms of improv-
ing each Gi. Then given information on
the expected rate of improving each Gi,
i.e., AGi, the appropriate Gi to be im-
proved can be discerned.

As measures of the mean values for the
Gi's and their standard deviations, along
with estimates of HGi, are available for
each characteristic, estimates of AGiI can
be made. Combining this information with
the estimates of marginal product in value

ysis manageable. It suggests that as each genetic
argument in the production function increases by
X percent, output increases by X percent. This may
not in fact always be true but for the range of values
utilized it is not unrealistic. Future works may wish
to address this issue.
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terms for each Gi, one can determine the
characteristic upon which improvement
should be made for a given vector g. These
estimates can then be compared to actual
observed trends in breed improvement
over time. This provides an indication of
whether registered breeders respond to the
demands of the commercial sector when
making breeding decisions and, therefore,
do have an appropriate rule-of-thumb or
intuitive understanding of the shadow
prices of important characteristics.

Empirical Analysis and Results

Much of the transfer of genetic mate-
rial between purebred breeders and com-
mercial cow-calf operators is carried out
at bull auctions. To collect a set of obser-
vations on the genetic characteristics and
prices of individual bulls, a large number
of bull auctions in Canada's four western
provinces were attended during March,
April and May of 1979. A subset of twen-
ty-one sales which provided consistent in-
formation was selected for statistical anal-
ysis. These sales provided observations on
616 individual bulls from 15 breeds. A de-
tailed breakdown is provided in Table 1.

All bulls auctioned at these sales were
officially classed as one year olds (born be-
tween December 1977 and June 1978),
and no information would therefore be
available on their progeny, but all animals
carry a guarantee of fertility. In addition
to the performance characteristics (wean-
ing weight and average daily gain on
feed), all catalogues or sale sheets provid-
ed information on the birth date of bulls,
the name of the consignor and, in most
cases, some information on the animal's
pedigree.

The information for average daily gain
on feed is directly comparable for all the
bulls in the sample. Weaning weights were
converted to the standard 200 day mea-
sure utilized by the Federal-Provincial
Record of Performance for Beef Program
(R.O.P.). Incidents of dystocia, of course,

20

TABLE 1. Number of Bulls By Breed.

Breed No. of Bulls

1. Hereford 207
2. Aberdeen Angus 88
3. Charolais 86
4. Simmental 67
5. Limousin 47
6. Maine Anjou 33
7. Blonde d'Aquitaine 22
8. Shorthorn 21
9. Murray Grey 19

10. Brown Swiss 9
11. Salers 9
12. Chianina 3
13. Pinzgauer 3
14. Welsh Black 1
15. Red Angus 1

Total 616

are an ex-post measure for any individual
bull. In other words, such information
must come from the births of the progeny
of the individual bull. No such informa-
tion exists for bulls which have not been
bred. There are, however, significant dif-
ferences between breeds, and such infor-
mation should still enter into the price a
potential purchaser is willing to pay for a
bull. An index of calving difficulty is cal-
culated for each breed by province by the
Federal-Provincial Record of Perfor-
mance for Beef Program, based on the
records collected on approximately
100,000 animals each year. These are
published annually and the summaries re-
printed in the various trade journals as a
matter of course.

Assuming constant returns to scale,
Diewert has shown that a generalized
transformation function of the form

, = t(y:)

= t(z)
k k

= aO + : aijiZiZ,
i=l j=l

ai, = ai

where z is a k dimensional vector of non-
negative outputs (2, . . . , m) and an "n"
dimensional vector of non-negative inputs

July 1984
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(x 1, ... , xn) k = m - 1 + n, provides a
second order approximation to a twice dif-
ferentiable transformation function which
satisfies desired non-negativity, mono-
tonicity and convexity and/or concavity
properties. This is subject to the coeffi-
cients, aij, being consistent with the re-
strictions necessary to satisfy the suggest-
ed regularity conditions. In the production
function case (one output), it is sufficient
that "all the coefficients aj, ... , be non-
negative" (Diewert, p. 297).

In our case from (13) the function to be
estimated would be

3 3

PB = aoo + : ajGG,
i=i j=l

aij = a,. (14)

Estimates were conducted by ordinary
least squares (OLS).

A priori, however, it seemed reasonable
that the index of calving difficulty could
be considered weakly separable from
weaning weights and average daily gain.
The index of calving difficulty is an indi-
cation of the number of live calves one
can expect from the number of cows one
bull is expected to service. Increases or
decreases in the number of live calves
should not affect the marginal rate of sub-
stitution between weaning weights and
average daily gains for those calves which
are successfully dropped. Initially, how-
ever, estimation was done without the as-
sumption of weak separability and no
meaningful results could be obtained.
Subsequently, the cross product terms
G' GG and G2G4/ were omitted. 3

Prices for bulls ranged from $700 to
$24,000 with a mean of $2,250. The prices
realized for certain bulls were much
greater than their indicators of genetic

3 As this suggested that dPB/OGS was constant, a qua-
dratic term was added. This proved insignificant
and was omitted. Given the range of observations
on G3, a constant value for dPB/OG3 does not seem
unreasonable.

merit suggested, and were beyond the
price a commercial producer would be
willing to pay. An arbitrary price of $3,000
was selected as the suspected maximum
commercial price. Names of buyers who
paid over $3,000 were checked against a
list of names of registered breeders.4 It was
found that a disproportionate number of
purebred breeders purchased such ani-
mals. Very few animals purchased for less
than $3,000 were bought by members of
purebred organizations. This suggested
that there were two markets at the auc-
tions, one for transfers from purebred
breeders to commercial cow-calf opera-
tors, and one for transfers between pure-
bred breeders, each with its own pricing
criteria.

All bulls transferred between purebred
breeders were removed from the sample.
Of the 616 sample bulls, 99 were pur-
chased by purebred breeders. Hence the
final data set used for estimation is 517
bulls with prices ranging from $700 to
$4000.

For the realization of genetic-based
technological change, i.e., a change in the
form of production function from Y = FB

(x) to Y = CB (x), cross-breeding must be
undertaken. The biological phenomenon
upon which genetic-based technological
change is founded is heterosis, commonly
observed as the physical expression of hy-
brid vigor. Heterosis is defined as the
greater vigor or capacity for growth fre-
quently displayed by crossbred animals or
plants, as compared with those resulting
from inbreeding. Although the majority
of breeds imported in the last decade are
larger than those developed from stocks
in Britain and North America before the
opening of the quarantine stations, in-
breeding of such animals would yield the
progress which can be obtained only from
heritability and additive gene action.

Bulls of exotic breeds purchased by

4 Available from a separate study. See (Kerr, 1982).
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commercial cattlemen are, therefore, used
for crossbreeding. Bulls of "British" origin
are still used extensively in commercial
straightbred operations. One would ex-
pect, therefore, that the production func-
tions from the two mating schemes would
differ. Hence a separate regression was
specified for "exotic" breeds from which
hybrid vigor would be expected using 209
bulls, and another for the 308 bulls of
mainly "British" origin.

The index of calving difficulty was re-
moved from the estimating equation for
straightbred technology. As a result of their
generally smaller frames, the index of
calving difficulty ranged from 1.03 to 1.10,
which did not provide sufficient variabil-
ity. These figures represent no apprecia-
ble calving difficulty and reflect individ-
ual rather than breed-related problems. At
one sale in Alberta bulls brought consid-
erably higher prices than their merit sug-
gested. This was not the case for animals
of the same breed purchased at other sales.
A dummy variable (SALE) is included in
the estimation. The results of the regres-
sions are presented below, with t statistics
in parentheses.

CROSSBREEDING EXPECTED
(New Production Technology, C(x))
-209 OBSERVATIONS

PB = -7550.1 + 5.02G, + 1159.4G2
(-10.60**) (2.76**) (3.43**)

+ 65.42GG" - 246.04G3

(1.21) (-4.68**) (15a)

R2 = .5156 ** Significant at .05
Mean Values: G, = 569; G2 = 3.39;

G3 = 1.45

CROSSBREEDING NOT EXPECTED
(Old Production Technology, F(x))
- 308 OBSERVATIONS

PB = -4372.0 + 4.99G, + 547.4G2
(-10.91**) (3.88**) (2.26**)

+ 52.36GpGz + 754.15(SALE)

(1.48) (7.47**) (15b)

R = .4738 ** Significant at .05
Mean Values: G, = 492; G2 = 3.12

PB = price of bull

G, = weaning weight (lbs.)

G2 = average daily gain (lbs./day)

G3 = index of calving difficulty

SALE = Dummy

These estimates appear consistent with
theoretical analysis. The larger values for
the coefficients of weaning weight and av-
erage daily gain in the equation for bulls
which would be expected to be used in
crossbreeding suggest an awareness of hy-
brid vigor among purchasers of such cat-
tle and the shift in the production func-
tion expected from technological change.
Although the estimates presented would
not allow a breeder to predict, with any
accuracy, the price of an individual bull,
given the low R2, the results do indicate
that the identificable genetic factors of
production significantly affect the price of
bulls.5 Further, the estimates should indi-
cate to the breeder (with a given charac-
teristics mix for his herd) which charac-
teristics will be most valuable for him to
improve. It is to this problem that we now
turn.

To estimate whether breeders, in their
selection process, emphasize the charac-
teristic which would maximize the ex-
pected value of bulls in the next genera-
tion (as indicated by the bull price
equations estimated above), it is first nec-
essary to establish an expected increase for
the phenotypic characteristics in physical
terms using equation (6), or

(16)G* -G + HGi(GiI - GiI)
G:iI+1 - GiI 

+
22

5 Physiological traits which are not heritable still de-

termine, to some extent, the animal's ability as a

breeder. For example, the "set of legs" and the

"size and depth of the scrotum" may indicate phys-
ical rather than genetic breeding ability, while gen-

eral conformation and apparent temperament may

affect the price of any individual animal. The low
R2 tends to corroborate this. At any individual sale

of 20 to 30 animals, the relation of prices to the

genetic characteristics may therefore be obscured
by such random fluctuating. There may also be some

biases in the estimated shadow prices due to the

omission of these variables.
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where

G*ii+ = the expected mean value of
characteristic G, for bulls in
generation I+1.

Gi = the value of Gi for the sire to
be bred in generation I.

GiI = the mean value of character-
istic Gj of the selected sire's
male contemporaries within a
herd.

H,¢ = the heritability of character-
istic Gi.

Once estimates for each G*ii+1 are ob-
tained from (16), these values can be uti-
lized in the estimating equations (15a, 15b)
for the relevant breed and the expected
increase in value for improvement on each
characteristic obtained. The characteris-
tic, which the breeder would be expected
to emphasize in his selection program, can
be identified. The estimates can then be
compared to the actual characteristics em-
phasized by breeders over a generation.

Ideally, one would like to have data on
individual herds over time. Such data are,
however, not generally available. Fortu-
nately, some data on groups of individual
bulls are available. The Saskatchewan Bull
Test program publishes the results of its
trials for individual animals identified by
herd. Data were available for the 1975-
76, 1976-77, 1977-78 and 1978-79 tests.
Assuming that bulls on test are represen-
tative of the sample herd's genetic mate-
rial, an estimate of the mean values, Gis,
and the range for each characteristic can
be obtained. Then, assuming the animal
which ranked the highest for each Gi
would be used for rebreeding, an estimate
of G*iI+l can be made for each character-
istic. These can be substituted into (15a)
or (15b) and the expected increase in dol-
lar value calculated. The characteristics
which the breeder would be expected to
emphasize can then be identified. These
results can be compared to the actual im-
provements observed in bulls of the same

herd in the next generation-in this case,
bulls on test two years later.

For the 1975-76 & 1977-78 and the
1976-77 & 1978-79 tests, fifty-seven herds
with representative bulls have been iden-
tified. The results of the comparisons are
presented in Table 2. For the calculation
of heritability, HGi, a value of .35 was used
for G, and .50 for G2 (Lasley).

The characteristic actually selected for
emphasis in improvement coincided with
the characteristic predicted from equa-
tions (15a) and (15b) in seventy-two per-
cent of the cases. Further, in only three
cases when the characteristic actually em-
phasized for improvement did not agree
with the predicted characteristic to be
emphasized, did the differences in the
predicted additional dollar value of alter-
native improvements to characteristics ex-
ceed $50. The average differences in pre-
dicted value of improvement to alternative
characteristics for inconsistent predictions
is $43. This would indicate either that the
estimated coefficients or the markets are
not precise. If the markets are not precise
this would suggest either that breeders are
indifferent about the characteristics they
select for improvement, or that random
elements are sufficient to distort the per-
ception of breeders as to the correct choice
of emphasis in improvement. On the oth-
er hand in only three cases of fifteen where
the difference exceeded $50, did the pre-
dicted and actual emphasized character-
istic differ.

Discussion and Conclusions

These results suggest three conclusions:
(1) commercial cattlemen recognize the
important genetic inputs to their produc-
tion process and this is reflected in the
prices they are willing to pay for bulls; (2)
the prices of bulls reflect the change in
the production process expected from the
hybrid vigor associated with crossbreed-
ing; (3) the selection of characteristics em-
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phasized in the breeding programs of
purebred breeders corresponds, in gener-
al, to the choices indicated by the esti-
mated implicit values of characteristics.
Taken together, they indicate that both
producers and breeders have sufficient in-
tuitive understanding of the shadow val-
ues of important characteristics for the
market to regulate the process of genetic
improvement.

There are, however, a number of fac-
tors which may make it appear as if the
market is chaotic and that the process of
genetic improvement is poorly regulated.
The most obvious distorter of perception
is the market institution itself. As pure-
bred breeders and commercial cowmen
both participate at the same auctions, one
has two markets simultaneously. As pure-
bred breeders likely have different crite-
ria upon which they select bulls or may
attempt to distort the market through col-
lusive bidding, the combination of two
markets at the same time and place may
give the impression that the pricing of
bulls is largely a random exercise.

Further, it seems clear that any evalu-
ation of genetic characteristics must be
made within the context of the breeding
technology employed. The value of a vec-
tor of genetic characteristics to be used in
a straightbred system will differ from those
employed in a crossbreeding system. In
sales at which a selection of breeds is auc-
tioned, correlations between the price of
the animals and their characteristics will
be low unless the type of breeding tech-
nology is taken into account.

The conclusions also lend support to the
induced innovation hypothesis. At least
improvements to existing technologies,
both new and old, appear to follow the
prices indicated by the market. If the
marginal changes in prices predicted for
bulls can initiate changes in breeding pro-
grams, then the more dramatic changes in
prices, usually observed by those conduct-
ing empirical research on induced inno-

vation, would also be expected to elicit a
response from the input sector. The char-
acteristic approach to change in technol-
ogy utilized in this study may also suggest
that more meaningful results could be ob-
tained by those who study technological
change, if their analyses were conducted
in characteristics space rather than goods
space.

The use of the characteristics approach
can also help identify various types of
technological change: e.g., (1) the intro-
duction of a new production function; or
(2) the introduction of an altered input
which combines additional quantities of
existing input characteristics. In our case,
it would appear that we have been dis-
cussing technological change of both kinds.
A change in the production function im-
plies that there is a new way of producing
an existing good. The new production
function in beef cattle results from the
discoveries of applied geneticists who
identified the increased production ex-
pected from crossbreeding. The change in
the production process is indicated by the
different production functions implied
from the estimation of (15a) and (15b).

On the other hand, genetic improve-
ments in existing purebred herds, whether
they are used in a straightbred system or
a crossbreeding system, represent new in-
puts combining additional quantities of
existing characteristics. The full realiza-
tion of the genetic potential, internalized
in the collective germ plasm, will depend
upon the selective breeding of purebred
strains. Improvements to the characteris-
tics mix of bulls appear to be determined
by the prices imputed to characteristics.

The importance of this result should not
be ignored. If the price of bulls did not
reflect their genetic characteristics, three
possible situations would be suggested: (1)
that the characteristics selected for mea-
surement by animal scientists and subse-
quently ranchers are unimportant; (2) that
the purchasers of bulls are ignorant of ge-
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netic processes; or (3) that the production
process is heterogeneous. Each of these sit-
uations would have particular ramifica-
tions for the process of genetic-based
technological change. If the current
characteristics are unimportant then rele-
vant alternative characteristics which are
important should be identified by animal
scientists. Otherwise, there is no method
whereby genetic progress can be moni-
tored and the ranchers engaged in the col-
lection of the existing set of characteristics
would be expending a great deal of effort
to no avail.

If ranchers are ignorant of the genetic
process, then one would expect that little
genetic progress could be made. A case
might then be made for increased expen-
diture on education and/or the institution
of a sire monitoring and regulated breed-
ing program where the decision process
was removed from the operator.

If production at the farm level proved
to be heterogeneous, then the problem
would be more severe. Heterogeneous
production is taken here to mean that each
farm would derive different relative shad-
ow values for genetic characteristics. In
this case, even if each farm could maxi-
mize its potential in the short run, the
prices received for bulls would not pro-
vide consistent information on the shadow
values for genetic characteristics and
purebred breeders would not be able to
effectively regulate the process of genetic
improvement and some alternate mecha-
nism would have to be found. The results
of the study, however, indicate that none
of the above cases exist. Bull sales provide
sufficient information to influence the di-
rection of genetic progress.
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